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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI) UNITS OF MEASUREMENT 
U.S. customary units of measurement used in this report can be converted to 
metric (SI) units as follows: 


nae ESEoSooaoaTllEEESEoEaoleESaEaaTxyTyThLD_—_DBaD—=—DDaBaBaBB=RDDBBBDBDLADBLhnDBDBaQE>Bl™lllQl)hQQ@QQQl}0ER00®@@DETE™=E™=—™=E=E= 


Multiply by To obtain 


inches TTD SGU re “millimeters 
2.54 centimeters 
square inches 6.452 square centimeters 
cubic inches 16.39 cubic centimeters 
feet 30.48 centimeters 
0.3048 meters 
square feet 0.0929 square meters 
cubic feet 0.0283 cubic meters 
yards 0.9144 meters 
square yards 0.836 square meters 
cubic yards 0.7646 cubic meters 
miles 1.6093 kilometers 
square miles 259.0 hectares 
knots 1.852 kilometers per hour 
acres 0.4047 hectares 
foot—pounds 1.3558 newton meters 
manele hare LOO? = 1073 kilograms per square centimeter 
ounces 28.35 grams 
pounds 453.6 grams 
0.4536 kilograms 
ton, long 1.0160 metric tons 
ton, short 0.9072 metric tons 
degrees (angle) 0.01745 radians 
Fahrenheit degrees 5/9 Celsius degrees or Kelvins! 


lt). obtain Celsius (C) temperature readings from Fahrenheit (F) readings, 
use formula: C = (5/9) (F -32). 
To obtain Kelvin (K) readings, use formula: K = (5/9) (F -32) + 273.15. 


POSTHURRICANE SURVEY OF EXPERIMENTAL DUNES ON 


PADRE ISLAND, TEXAS 


by 


B.E. Dahl, P.C. Cotter, D.B. Wester, and D.D. Drbal 


I. INTRODUCTION 


Flood damage from hurricanes is a major concern to inhabitants of the 
Texas gulf coast. Barrier islands, such as Padre Island, provide significant 
protection against high water through the damming effect of foredunes, which 
form parallel to the beach. Where these foredunes have eroded, storm surges 
transport sand inland from the beach onto lowland vegetation and into lagoons, 
where it accumulates on roads and in navigational channels adjacent to the 
islands. After the severe flooding from Hurricane Carla in 1961, the mainland 
residents requested restoration of these natural dunes on Padre Island. 


From 1968 to 1974 the U.S. Army Coastal Engineering Research Center 
(CERC) supported research to define propagation’ and transplanting techniques 
with beach grass to construct and rehabilitate these coastal foredunes (Dahl, 
et al., 1975). The data collected included information on changes in dune 
dimensions and beach topography, encroachment of indigenous flora, and 
comparisons with naturally occurring foredunes. During these studies, several 
foredunes were shaped from test plantings on the north and south ends of Padre 
Island (Fig. 1). On completion of the initial contracts, CERC continued 
monitoring the foredunes formed from the beach-grass plantings on north Padre 
Island beaches in 1975 and 1976 to evaluate the long-term performance and 
effects of the foredunes (Dahl and Goen, 1977). 


Hurricane Anita struck the coast of northern Mexico in August 1977, 
causing substantial foredune erosion on south Padre Island. The storm caused 
significant reorientation of sand even on north Padre Island beaches, but it 
did not damage the experimental foredunes of north Padre Island. This was the 
only major storm affecting Padre Island beaches since the original test 
plantings were made from 1969 to 1973 and the cross-sectional profiles were 
resurveyed in September 1977. On 9 and 10 August 1980, Hurricane Allen 
violently struck the Texas coast, entering the mainland between the Mansfield 
Channel and Kingsville (Fig. 1). South Padre Island, which has lower 
elevations than north Padre Island, was dramatically altered with frequent 
overwash channels. The storm substantially damaged the Padre Island National 
Seashore Malaquite Beach facilities on north Padre Island, significantly 
altering beach vegetation and eroding the beach face of foredunes, with the 
hurricane-generated waves breaching the island's dunes in many instances. 
This report summarizes the impact of Hurricane Allen on the dune 
configuration, sand yardage accretion or erosion, and changes in the 
vegetation on four experimental foredune sections and one unplanted section 
within the boundaries of the Padre Island National Seashore. This was 
accomplished by comparing the 1981 posthurricane surveys with those of 
975-77. 
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Figure 1. Map of Padre Island, Texas. 


II. STUDY AREA 


Padre Island has a subtropical, semiarid climate, moderated by maritime 
tropical air from the Gulf of Mexico. The summer months are hot, with little 
daily or weekly variation. Winter (December to February) is mild with wide 
fluctuations in temperature; freezing temperatures are infrequent. 
Precipitation is irregular, both monthly and annually, with no sharply defined 
seasons. Within the last century, the annual precipitation at Corpus Christi, 
the nearest station with long-time weather data, has ranged from 1222 
millimeters in 1888 to 136 millimeters in 1917, with an average of 678 
millimeters. Excessive precipitation associated with hurricanes, usually in 
late summer and early fall, biases the annual average precipitation upward. 
Without the hurricanes, the annual average would be lower and more indicative 
of the stress associated with semiarid lands where droughts are frequent but 
irregular (Carr, 1966). The average temperature for Corpus Christi is 21.7° 
Celsius (Department of Commerce, 1970). 


Two principal wind regimes dominate the Texas coastal zone--persistent 
southeasterly winds from March to September and north-northeasterly winds from 
October to February (Behrens, Watson, and Mason, 1977). However, prevailing 
winds (disregarding windspeed) are onshore 11 months of the year (Dahl, et 
al., 1975). Northerly winds are associated with frontal passages and are 
usually strong with concurrent precipitation. However, some northers are dry, 
creating small dunes along the beach with each passage. Prevailing winds then 
transport this sand back to the foredunes. 


The coastal topography of the mainland adjacent to Padre Island is rela- 
tively flat with soils developed from Pleistocene and recent unconsolidated 
clastic sediments. The soils of Padre Island developed on recent marine and 
eolian soils (Brown, et al., 1976). The sand particle size is predominantly 
fine to very fine. Soils vary in salt content and in amounts of shell and 
organic matter. The highest organic matter content from beach sands was 0.1 


percent. Shell fragments were generally less than 1 percent (Dahl, et al., 
1975). 


A schematic cross-sectional profile of north Padre Island and the 
dominant plants of major communities are in Figure 2. North Padre Island is 
predominantly a grassland of midheight. Seacoast bluestem (Schizachyriun 
scopartum var. littoralts), seashore dropseed (Sporobolus virgintcus) , 
eulfdune paspalum (Paspalum monostachyum), and saltmeadow cordgrass (Spartina 
patens) are species that commonly occur from the foredune across the island. 


The number of species on the shoreface of the dunes is limited, with sea 
oats (Uniola panteulata) the dominant sand-trapping plant. Other species 
capable of trapping or binding sand are saltmeadow cordgrass, seashore 
dropseed, bitter panicum (Panicwn amarum), railroad vine (Ipomoea pes-Caprae) , 
and gulf croton (Croton punctatus). After dunes have been started by pioneer 
vegetation, forbs such as beach groundcherry (Physalis viscosa), beach evening 
primrose (denothera drummondit), and prairie senna (Cassta fasetculata) often 
become common. 


Of particular interest to this study is the vegetation of the backshore 
and the foredune foreslope, and the natural succession of plants from a 
barren, hurricane-planed backshore to a continuous, mature foredune ridge. 
Sea purslane (Sesuvium portulacastrum), one of the first species to reappear 


aquos pue pueTS] eAped YyII0U Jo a{TJoad TeuoT}IaS—-SsotD OTIeUSYS 


yoeag 


ISW — 
mine 
o &€— 
< = 
» = 
Fo anal — 
36) A= 
os 9 — 
- 
o> = 
It = 
“oOo 
—"'c3 

© 

= 

o 

rc 


(40)8M |BUOSB—aS) 
uojsseaidaq 


xajdwo9g aunpeiso4 


uyejd 4Uojyeis9q PIO 


*(aloysess [eUOTIeN pueTST e1ped 
‘uotqeqg rze8uey jo AQTUTOTA) seTATuNnuUOD zofew jo squetTd Jueutwop 


yoeaqyoeg payeyaban 


syeys 


aung yews 
payeyaban 


(:dds pueTs]-pfm 20430 snqd) 


(goadvo-s8aq Deouody ) 
aUTA PpeOlrTTeYy 


(unaqzevoDjnqaod um7ansag) 
aueTsand eas 


(Dae[1U01 078 De0U0dT) 


A10{2 Zuyusom yoeag 


AYOHSHOVE 


(@nqoyound u0jou)) 


uoj019 yoReg 


(larodooe UnTAMYORE THOS) 
majzsentq seooRAS 
AIOTZ Buturom yorog 
(De0087a 817 DaRYq) 
Azzayopunoiazs yorog 
(2211 2PP1Y O22auaS) 
Jaspuno13 wooig 


(DyO[No1uDd 1102UN) 
830 Bas 
Axoy3 Bupuazow yorag 


adO1Sauod 


(imfyonzsouow unjpdsng) 
umtedsed ounpzi{ny 
$780 Bas 


aNnd-dIW 


yespunoi3 woolg 


Aqiayopunois yoeog 
(Typuoummag DiIYZOUaO ) 

asoiutid Butueae yorog 

AzoT3 Butuiom yoreg 


8380 B2S 


ANN ITVS GaLVLaOAA ‘ANVISI-CIW 


(‘dds 82140400279 

©+dde enazedhg) 
sespes 10430 

(DyOUIASTAAUT 87ADYO027q) 
ysniextds 

(DyOIOTOo DuDuoqyorq) 
ssei3-eyTTe1qu 


syej4 JePIy-PUIM 


uleld 


(vavydoona] 01824dbg) 
O8tPUT PTFM 

(Suaqzod DurqzaDdg) 
SSPI3p109 MOpeoMzTeS 
wa 3sentq sPODRaS 


(gnuvorieuD sndxz0g) 
SSP13—p10MS 

(s7suaBuquop Dydhy) 
eTAL 


(197"m TeuoSseaS) 
NOISSaudad ‘aNVISI-dIW 


(snoqurbaia uoBodoxpuy) 
mwaqsentTq e8pesmoorg 
(unsourBnun] umovund) 
sseid ofueg 
unjtedsed aunpyz{n9 


SIvld ‘ONVISI-dIN 


Plaj4 eung aajjoy 


uojyeyyaqg Buno, 


°Z oan3Ty 


aspeW 


© 


(8210103921 307 4004ZUDUOH) 
sseigei10ys 

(‘dds vpavng) 
33FTI B8S 
(730070B7E ‘Ss 


"squuaded D1UL007] 0g) 
JAOMSSETD 

(D7 Dyde007 7 hyd DaxayzuDITaDyooH) 
Astep ioydme9 

(Sua08eqMay DIYOUMdOg) 


akexo eas 


SIVA FUCVN VNNSVI 


(s2qoDuo par uoOLeBRAg) 
aueqeety 
(Traquuoy Ddoong) 
dossAy-192e4 
asoautid Buyueas yoreg 
(sohyou3shjod “5 
“enquajnosa sntedho) 
sapas 
(snoqurbaia snjoqoxods) 
aasdoip es1oyseas 
(side7ixo sizs0ubn4g) 
SSPAZAACT pay  uerzeq ATISOW 


NIVId NOILVLAIG SNNOA SANNG FAILOV 


2 


on the denuded backshore, is vegetatively dispersed by wave and wind action. 
Clumps of sea purslane trap sand, forming small dunes that rise only slightly 
above the beach surface. Beach morning glory (Ipomoea stolonitfera), railroad 
vine, gulf croton, sea oats, saltmeadow cordgrass, bitter panicum, and 
seashore dropseed are early colonizers (Dahl, et al., 1975). 


Rhizomatic growth and tillering of these plants, especially sea oats and 
bitter panicum, are stimulated by the accumulation of fresh sand continually 
blown onshore. Eolian sand is trapped by exposed grass blades and it 
eventually becomes stabilized by the grass roots and rhizomes. Nourished by 
fresh beach sand blowing inland, the unconnected hummock dunes of sea oats, 
bitter panicum, saltmeadow cordgrass, and seashore dropseed continue growing 
and eventually interconnect, forming a dune ridge (Fig. 3). New hummock dunes 
begin forming shoreward, and in this manner, the foredune grows toward the 
gulf. This shoreward growth eventually eliminates fresh sand accumulation on 
the rear of the dune ridge, and gives additional protection from wind and salt 
spray. The less salt-tolerant species and those not adapted to growing in 
accumulating sand then become established, e.g., seacoast bluestem, gulfdune 
paspalum, broom groundsel (Senecto riddellit), and beach groundcherry (Dahl, 
@ie alloy 1975). 


The time scale for these sequences depends on the intervals between 
storms, the severity of previous storm damage, the proximity of undamaged 
colonizing species, and the precipitation cycle. The area containing the 
present study plots was barren in 1937, but a vegetated foredune ridge had 
appeared with a vegetated plain to the west by 1948. After Hurricanes Carla 
and Beulah in 1967, the dune ridge was absent, and the area was again barren 
with a field of active sand dunes migrating west. 


III. METHODS AND PROCEDURES 


1. Elevation Surveys of Experimental Dunes. 

A summary of the five experimental dune areas evaluated in this report 
is in Table 1, which corresponds with the study-site map in Figure 4. The 
exact location of these areas referenced to two surveyed base lines (east and 
west) is in Appendix A. Elevational profile surveys for the five areas (one 
unplanted control and four planted) were conducted in March 1975, August 1975, 
March 1976, August 1976, September 1977, and March 1981. 


a. Foredune Profiles. Cross-sectional profiles were made in each of the 
five experimental dunes. Elevations were taken at 3-meter intervals (rod 
readings to the nearest 0.003 meter). Profiles were made in the following 
locations: 


(1) Unplanted control dune - eight profiles, 30 meters 
apart, from 30 meters seaward of the natural dune area 
to 61 meters across the foredune. 


(2) Planted dunes - 30 meters seaward of the grass extension 
of the dune to 58 meters across the dune. 


(a) 366-meter sea oats dune - 12 profiles, 30 meters 
apart. 


Figure 3. 
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New dune ridge forming naturally on the unplanted control area, 
a site without a natural dune similar to the planted dune sites. 


It has been monitored since 1975. 


Table 1. Control and experimental planting sites on north Padre Island. 


Description Planting Comments 
dates 
Unplanted control dune not Monitored since 1974. 
planted 
366-meter sea oats Mar. 1969 Original plantings--three- 


fourths saltmeadow cord- 
grass and one-fourth sea 
oats. Survival--cordgrass, 
14 percent; sea oats, 46 
percent. Cattle grazing 
an early problem. Supple- 
mental fill-in plantings 
of sea oats, cordgrass, 

and panicum (shoredune and 


bitter). 
Dune-width extension. Apr. 1973 Mixture of 3:1 bitter 
Planted seaward of the panicum to sea oats. 
south end of monthly Survival--panicum, 62 
plantings. percent; sea oats, l 
percent. 
335-meter bitter panicum Feb. 1970 Bitter panicum alternated 


with sea oats seed. 
Survival--panicum, 17 
percent; sea oats, 
unsuccessful. Subsequent 
patchwork planting. 


366-meter bitter panicum Feb. 1972 North half planted with 
and bitter panicum--76 percent 
Apr. 1972 survival. South half 


planted with sea oats, which 
were later destroyed by 
jackrabbits. Replanted in 
April with bitter panicum-- 
17-percent survival. 
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Figure 4. 


Location of north Padre Island experimental plantings 


(b) Dune-width extension - one profile. 


(c) 335-meter bitter panicum dune - 12 profiles, 27 meters 
apart. 


(d) 366-meter bitter panicum dune - 12 profiles, 30 
meters apart. 


b. Beach Profiles. Cross-sectional profile surveys were made in each of 
the experimental areas from the mean sea level (MSL) landward to the east base 
line. Beach profile elevations were read at 6-meter intervals. Profiles were 
made in the following locations: 


(1) Unplanted control area - two profiles 91 meters apart. 
(2) Planted dune areas. 


(a) 366-meter sea oats dune - two profiles 122 meters 
apart. 


(b) Dune-width extension dune - one profile. 


(c) 335-meter bitter panicum dune - two profiles 110 
meters apart. 


(d) 366-meter bitter panicum dune - two profiles 91 
meters apart. 


c. Longitudinal Profiles. In 1975-76 two longitudinal surveys were made 
along the top of the dune and parallel with the beach for the 366-meter sea 
oats, 335-meter bitter panicum, and 366-meter bitter panicum dunes. One 
profile line was placed to coincide with the seaward crest of the foredunes. 
The other was 9 to 15 meters landward of the first profile line. In 1981 the 
second profile was omitted. Also, in 1981, a longitudinal profile was 
surveyed for the first time on the newly shaping dune in the unplanted natural 
area. For the dune-width extension dune, longitudinal profiles were surveyed 
for both the seaward 15-meter width and the landward 15-meter width. 
Elevations were recorded with each abrupt change in topography. Distances 
were measured by tape to the nearest 0.3 meter. 


2. Elevational Surveys of Naturally Formed Dunes. 


Four cross-sectional profile surveys of existing naturally formed dunes 
were resurveyed in March 1981. These were: 


(a) One cross section about 91 meters north of the Ranger 
Station access road. This dune was first surveyed 
in 1974. 


(b) Three cross sections designated as (1) Pedtraf 18 
meters south; (2) Pedtraf 2.2 kilometers south; and 
(3) Pedtraf 2.6 kilometers south. 


These were surveyed on 3 August 1980 just prior to Hurricane Allen by Chaney, 
Williges, and Taylor (1980). The latter three surveys began at the crest of 
the foredune and continued to the shoreline on the beach. Because the latter 
surveys were not referenced to MSL, the crest elevations with respect to MSL 
of the March 1981 survey were used to estimate the crest elevations of the 
August 1980 survey. With this approximation the beach elevation (where the 
surveys were terminated) was determined to be approximately 0.6 meter below 
MSL. 


3. Vegetation. 


In August 1975, August 1976, and July 1981 vegetation transects were made 
in the five experimental dune areas. The following transects were placed 
paralleling the beach: a 60-plot transect on the seaward slope of the 
foredune, a 60-plot transect on the landward slope of the foredune, a 40-plot 
transect 8 meters landward of the dune, a 40-plot transect 38 meters landward 
of the dune, and a 40-plot transect 69 meters landward of the dune. A 
133-centimeter-diameter circular plot with an area of 1 square meter was used. 
Frequency and cover data were recorded in each plot (App. B). Cover 
classes recorded were: 1, 0 to 1 percent; 2, 1 to 5 percent; 3, 5 to 25 
pereent; 4, 25) to50) percent; 5.) 50) toy 75) percentsm6.5/>tomo On percents a /mno> 
to 99 percent; and 8, 99 to 100 percent. An importance value (IV) was 
computed by multiplying cover times frequency. 


IV. RESULTS 


Hurricane Allen's effect on north Padre Island's foredunes built from the 
1969 to 1973 test plantings was less severe than expected. The storm caused 
erosion of the seaward face of the dunes (including the naturally formed ones) 
leaving a nearly vertical face, but it breached only one dune (the 335-meter 
bitter panicum dune) (Fig. 5). A second hurricane impact was the total 
destruction of the hummock dunes that had formed seaward of the experimental 
foredunes (Fig. 6). Even major accumulations of sand due to vegetation 
growing on a 6.5-kilometer segment of the beach reserved for pedestrians were 
removed during the storm (Fig. 7). These were the more obvious hurricane 
impacts. However, a comprehensive understanding of the beach and dune system 
and its response to severe coastal storms can be gained from an analysis of 
the long-term data available on this area. This report deals mainly with the 
beach and dune changes over time, mostly during the past 6 years, and 
particularly as affected by Hurricane Anita in 1977 and Hurricane Allen in 
1980. 


1. Sand Volume. 


a. Mean Sea Level Inland 200 Meters. From the Padre Island surveys, 
accumulation and redistribution. First, consider the total sand volume from 
MSL inland through that part of the beach normally occupied by the foredunes. 
A 200-meter segment was used; the seaward side, 108 meters was designated the 
beach segment, and a108-to 200-meter segment was designated the foredune 
segment (Table 2; Figs. 8 to 12). Because the March 1981 surveys were made 
about 7 months after Hurricane Allen, only the 335-meter bitter panicum dune, 
which was breached during the storm, showed a net loss of sand. Therefore, 
for a hypothesis as to what actually occurs on a beach during a hurricane, the 
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Figure 5. (Top) The seaward face of 366-meter bitter panicum dune (11 Sept. 
1980) following Hurricane Allen. (Bottom) Breach (46 meters) in 
the 335-meter bitter panicum dune created by Hurricane Allen. 


Figure 6. 


(Top) Sand carried by hurricane waves between or through breached 
dunes and deposited on inland vegetation. (Bottom) Hummock dunes 


growing in front of the study dunes, which were later removed by 


Hurricane Allen. 
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Figure 7. (Top) Beach vegetation on pedestrian beach in May 1980. (Bottom) 


Pedestrian segment of the beach after Hurricane Allen in August 
1980. 
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Table 2. Total sand volume for beach and foredune cross sections of five 
study dunes. 


Location Volume by survey date (m3/m) 
Mar. Aug. Mar. Aug. Sept. Mar. 
STUDY DUNES 1975 1975 1976 1976 1977 1981 


Beach segment 
(MSL to 108 meters) 


Unplanted area 100.6 124.4 L2Oo7 ABN. 97.6 WAZ 6S) 
366-meter sea oats 100.6 123.4 112.9 116.4 94.0 115.1 


Dune-width extension %  M20.4 118.4 129.4 78.0 129.8 


335-meter bitter panicum 100.8 112.1 ops ee sl on) 83.2 118.4 
366-meter bitter panicum 91.6 106.6 HAUS eV 87.8 126.4 
Avg. KWo NAW oe 116.2 119.6 88.1 122.4 


Foredune segment 
(108 meters to 200 meters) 


Unplanted area 201.7 204.2 211.2 210.7 214.6 240.9 
366-meter sea oats DIS 7 22955 233.5 237.0 242.5 264.2 
Dune-width extension 227 6® DPE O  BQEScO 255.6 296.6 


335-meter bitter panicum 203.4 207.9 PUS5S)  2OBST 246.8 233.22 
366-meter bitter panicum 207.4 211.7 209.7 224.8 223.4 251.4 
Avg. 208.1 216.1 218.8 228.2 236.6 257.3 


Total segment 
(MSL to 200 meters) 


Unplanted area 302.3 328.6 369 BBAoll 312.1 363.4 
366-meter sea oats BANS SS SSA69 346.4 353.4 336.5 379.3 
Dune-width extension 323.81 347.4 342.4 375.0 333.6 426.3 


335-meter bitter panicum 304.3 320.3 329.6 342.6 330.1 351.6 


366-meter bitter panicum 299.0 318.3 324.8 335.9 BZ 377.8 
Ave. 309.9 333.5 3355 347.8 324.7 379.7 


‘Estimated not surveyed in March 1975. 


*This apparent sand loss occurred because this dune was breached by Hurricane 
Allen and one of the two cross sections crossed the dune at the breach. 


22 


Unplanted Control O* 91 


Elevation Above MSL (meters) 


base line 


122 61 0 61 


Distance (meters) 


1°83 ilies 


Elevation Above MSL (meters) 
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122 61 ie) 61 
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Figure 8. Cross-sectional beach and foredune profiles for the unp lanted 
natural area. 
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366-meter Sea Oats 1°07 


Elevation Above MSL (meters) 


122 61 (a) 61 


Distance (meters) 


Elevation Above MSL (meters) 


122 61 0 61 


Distance (meters) 


Figure 9. Cross-sectional beach and foredune profiles for the 366-meter 
sea oats dune. 
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7 Dune-Width Extension 0*64 


Elevation Above MSL (meters) 


base line 


122 61 O 61 


Distance (meters) 


Figure 10. Cross-sectional beach and foredune profiles for the dune-width 
extension dune. 
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Figure 11. Cross-sectional beach and foredune profiles for the 335-meter 
bitter panicum dune. 
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Figure 12. Cross-sectional beach and foredune profiles for the 366-meter 
bitter panicum dune. 
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sand volume data from Hurricane Anita should be used since measurements were 
taken within a month of that hurricane. Except for the 366-meter bitter 
panicum dune, the foredune segments all accumulated sand from August 1976 to 
September 1977, despite Hurricane Anita. Thus, the erosion of sand following 
Hurricane Anita was entirely from the beach--and not really a loss at 
all--just a temporary displacement into the gulf. 


The net accumulation of sand in this 200-meter segment indicates that 
some new sand, probably from longshore currents, was deposited on the beach, 
and it was then windblown into the foredune and trapped in the vegetation. 
From March 1975 to March 1981 the average net sand accumulation per linear 
meter of beach for all profiles was 69.5 cubic meters. This was 61.0, 58.8, 
105.8, 47.3, and 78.5 cubic meters for the unplanted, 366-meter sea oats, 
dune-width extension, 335-meter bitter panicum, and 366-meter bitter panicum 
area, respectively (Table 2). This is an annual accumulation of new sand of 
11.5 cubic meters per meter of beach. Note that the dune-width extension with 
its wider base accumulated considerably more sand than the other plantings. 


b. Sand Volumes Above Planting Elevation for 30-meter Segment of the 
Foredunes. The only sand volumes measured from early in the initial study 
were from those areas immediately affected by the 15-meter-wide test plantings 
(Dahl, et al., 1975). About 8 meters on either side of the plantings were 
measured beginning in 1970. The 1970 measurement is reported in Table 3, 
along with the 1977 and 1981 surveys for comparison purposes. The dune-width 
extension plantings were not included. It is apparent that the beach 
plantings adequately trapped the migrating beach sand as intended. However, 
Hurricane Allen did remove several cubic meters from the unplanted control 
study area. Much of this sand was transported farther inland (Table 2). 


c. 88-meter Segment of the Foredune. Because the plantings influenced 
sand accumulation for more than 30 meters in 1975, sand volumes were measured 
for an 88-meter dune segment extending from 30 meters seaward of the grass 


planting to 58 meters landward. 


The total sand accumulation in this 88-meter segment of the unplanted 
control areas was well below that for the dunes resulting from the beach-grass 
plantings (Table 4). The data in Table 2 show that this eroded sand was 
transported farther inland. The major difference between this area and the 
planted dune areas is that the planted dunes present a solid wall of 
resistance to the sand being transported inland. Therefore, migrating sand 
from the beach accumulates on the dune face. On the unplanted area, the front 
"wall" is not solid, so migrating sand penetrates through and over a broader 
base. The result is a relatively high "floor," around 2.6 to 3.0 meters MSL, 
among the scattered hummock dunes. In contrast, the floor elevation behind 
and among the dunes of the planted study areas is only from 1.7 to 2.1 meters 
MSL. The planted areas have accumulated sand at higher elevations. 


2. Dune Base Width. 


According to the Dahl and Goen (1977) report, the planted grasses on the 
experimental dunes spread laterally between 1.5 to 2.1 meters per year, based 
on the 1975-1976 measurements. Because Padre Island has now had a major 
hurricane, and it is difficult to assess the rate of grass spread, an 
evaluation is made of the rate of dune widening from the cross-sectional 
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Table 4. Sand volume for beach cross sections from 30 weters in front of dunes 
to 58 meters across the dunes. 


Volume by survey date (m?/m) 


Mar. Aug. Mar. Aug. Sept. Mar. 
Location 1975 1975 1976 1976 1977 1981 


Total volume 


Unplanted area 168.8 172.1 173.6 182.4 219.7 173.3 
366-meter sea oats 2OI 6S  2APsT | 22052 223.5 244.0 256.4 
Dune-width extension AVIST ~AN5c2 QUBo2 225.8 DOS Soo 279.8 


335-meter bitter panicum ZNOsO. Qi7s2  Z2N6o) 225.8 242.3 262.2 
366-meter bitter panicum 184.6 190.1 192.1 204.2 219.5 250.0 


Volume above planting elevation* 


Unplanted area 61.2 64.5 66.0 74.5 112.5 65.5 
366-meter sea oats 100.3 109.9 112.6 115.6 136.2 148.6 
Dune-width extension 89.3 96.6 99.6 109.4 134.7 161.2 


335-meter bitter panicum 91.3 98.8 102.6 107.1 123.8 143.7 
366-meter bitter panicum 44.4 50.2 51.9 64.2 79.4 109.9 


*Planting elevations: unplanted area, 1.2 meters; 366-meter sea oats, 
1.2 meters; dune-width extension, 1.3 meters; 335-meter bitter panicun, 
1.3 meters; 366-meter bitter panicum, 1.6 meters. 
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elevations. The planted dunes rise abruptly at about 2.4 meters above MSL; 
therefore, the width of the dune was recorded between the area where 
elevations rise above 2.4 meters MSL on the seaward side and where they drop 
below 2.4 meters MSL on the bay side of the dunes (Table 5). This showed that 
the dunes continue to widen at about 1.8 to 2.4 meters per year. The 
naturally formed dune, north of the Ranger Station access road, also 
apparently grew in width at about the same rate. 


The unplanted control section grew in a different way. Because no 
uniform line of plants existed naturally, the sand was not trapped in a narrow 
strip, but accumulated over a broad base of about 91 meters. Consequently, 
accumulating sand was spread over almost the entire 9l-meter width. In March 
1976 few of the elevations exceeded 2.4 meters MSL. By 1977 the dune width 
over 2.4 meters above MSL increased to about 30 meters. By 1981, the full 91 
meters had elevations 2.4 meters above MSL or higher (Table 5), except for 
about 9 meters in the middle of two of the transects. When this section 
becomes a mature dune it will have a broad base which is similar to other 
naturally formed dunes. 


The planted experimental dunes have a base width from 37 to 53 meters 
(Table 5). Naturally formed dunes in the area have a base width over 80 
meters and probably most are more than 91 meters. Though the planted dunes 
have narrower bases, there are advantages to providing a uniform sand-trapping 
field immediately following dune erosion as occurs during severe storms such 
as Hurricane Carla in 1961 or Hurricane Allen in 1980: 


(1) A dam is rapidly built to help stop future storm waters 
from crossing the island to flood the mainland areas. 


(2) Highly mobile sand is rapidly confined to one area of 
accretion, hence it is not lost to the beach system. 


(3) The resultant wall of accumulating sand prevents inland 
movement of saltwater from annual storm surges of moderate 
intensity. At the same time, the accumulating sand acts 
as a dam for rainwater providing a mesic environment that 
is free from saltwater on the seaward side of the 
plantings so that salt-intolerant vegetation can become 
rapidly established. 


(4) After moderate accumulation of sand, little salt spray 
penetrates beyond the forepart of the planted dune, 
further hastening the establishment of the island 
vegetation intolerant of salt spray. 


During the experimental plantings from 1960 to 1974, the 366-meter bitter 
panicum and the dune-width extension plantings were specifically made to find 
the most effective way to widen the base of dunes constructed from vegetation 
plantings. Techniques for increasing the base width of the planted dunes are 
described in Dahl and Goen (1977). 
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Table 5. Base width of measured dunes in 1981. Measurements show dune width 
between increasing elevations above 2.4 meters MSL on the seaward 
side and decreasing elevations below 2.4 meters MSL on the landward 


side. 
Width of dune base (m) 
STUDY DUNES North half South half 
1976 1977 1981 1976 1977 1981 

Unplanted control dune 1552 39.6 Oa AS Ore 24.4 Ona 
366-meter sea oats 29.0 30.5 38}5 5) 30.5 36.6 39.6 
Dune-width extension 38.1 45.7 50.3 ADT 51.8 53.3 
335-meter bitter panicum 30.5 53.3 56.4 2055 3355 39.6} 
366-meter bitter panicum Dale, 3} 24.4 29.0 27.4 30.5 36.6 
NATURAL DUNES 1974 1981 
91 meters North of Ranger Station 

Access Road 70.12 S232 
Pedestrian Traffic (18 meters south) 91.4 
Pedestrian Traffic 

(2.25 kilometers south) 79.2 
Pedestrian Traffic 

(2.6 kilometers south) 91.4 


IDoes not include the one cross section where the hurricane breach occurred. 


2Dune width values for natural dunes show that at least the indicated width 
of dune is 2.4 meters above MSL. 


3. Dune Crest Elevation. 


Longitudinal surveys that paralleled the beach were made along the 
crests of all the planted dunes. No definable dune existed in the unplanted 
study area prior to 1981; therefore, no longitudinal survey was made until 
that year. Figure 13 graphically shows the crest survey data. The 
longitudinal figures are more revealing than the cross-sectional figures for 
ascertaining the effective height of dunes. It is also easier to show where 
relatively more sand is accumulating. The profiles also provide an instant 
evaluation of the effectiveness of the overall dune-building research. 
Although some low areas through the dunes begin to heal in time, some are 
quite persistent and may require mechanical repair to completely heal; e.g., 
most deep cuts present in March 1975 were still evident in August 1976 and 
some were even still present in 1981. The repair of these low areas should be 
further researched. Stacking bales of hay in the cuts and tying the bales to 
the canyon walls with netting to reduce the wind velocity may help these areas 
fill with sand. Some low areas have filled in naturally through time. The 
one major breach occurring in the experimental dunes from Hurricane Allen 
(Fig. 13) occurred in a relatively high area in the dune ridge. This would 
suggest that changes in the beach and offshore zone during a storm may be more 
important than the dune crest elevation in determining the location of 
overwash events. 


4. Shoreline Changes. 


Hurricane activity has resulted in minimal long-term changes on the 
shoreline protected by the study dunes as evidenced by total sand volumes. 
However, immediately following a major hurricane, such as Hurricane Anita in 
1977, 31.5 cubic meters per meter of beach was eroded from the beach segment 
of the study dunes (Table 2). A part of the eroded beach sand was deposited 
higher on the foredune segment, but most of it was transported seaward into 
the gulf (Figs. 8 to 12). The wave and tide action apparently redeposited 
this sand on the beach within a few months. Undoubtedly, Hurricane Allen 
transported even more sand from the beach into the gulf than Hurricane Anita, 
but the 7-month period between the hurricane and the survey allowed 
redeposition of most of the eroded beach sand (Table 6). 


5. Naturally Formed Dunes versus Experimental Dunes. 

In studies made over the past 10 years, the existing dunes that survived 
the hurricanes in the 1960's were not monitored. However, a survey was made 
on one cross section of a naturally formed dune in 1974 and remeasured in 1981 
(Fig. 14). This cross section is about 91 meters north of the entrance to the 
beach from the Ranger Station access road. Also, the Padre Island National 
Seashore had a number of cross sections surveyed on north Padre Island on 3 
August 1980, only a few days before Hurricane Allen. Although these latter 
measurements do not include the landward side of the dunes, they do provide a 
way to further estimate the meters accreted in naturally formed dunes. 
Remeasurement was made of three of the transects that ran perpendicular to the 
pedestrian segment of the beach, but having no vehicular use (Fig. 14; 

Table 7). 


The 108-meter beach segment differed little in sand volume on 
experimental dune areas with 123 cubic meters per meter and natural dune areas 
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Table 6. Distances from the east base line to MSL for the study locations 
with beach cross-sectional profiles. 


Beach profile Distance by survey date (m) 
Mar. Aug. Mar. Aug. Sept. Mar. 
1975 1975 1976 1976 1977 1981 


Unplanted natural area 


1 + 83 station 110 WAZ. 126 120 138 114 
0 + 91 station WAT 3372 Wil) 124 IZZAL 112 


366-meter sea oats 


1 + 07 station WALL 122 110 Ia 1S 109 
2 + 29 station 103 119 107 105 108 98 


Dune-width extension 
0 + 64 station 93 102 92 110 91 
335-meter bitter panicum 


0 + 96 station 101 97 89 103 IAL 102 
2 + 06 station 100 100 119 108 104 92 


366-meter bitter panicum 


1 + 07 station 88 105 106 101 105 95 
1 + 98 station 104 100 106 101 102 109 
Avg. (all stations) 105 111 109 108 13 102 


Pe ee 
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Elevation Above MSL (meters) 


Elevation Above MSL (meters) 


MSL 


Pedtraf 60 S Pedtraf 1.4 S 


Elevation Above MSL (meters) 


61 122 183 MSL 61 122 


Distance (meters) Distance (meters) 


Pedtraf 1.6S Ranger Station Access 


2 —— 


GO+=+ ss >=: 


Elevation Above MSL (meters) 


61 122 183 1) 61 122 


Distance (meters) MSL Distance (meters) 


Figure 14. Cross-sectional beach and foredune profiles for existing 


natural dunes. 
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183 


Table 7. Sand volume for beach and foredune cross sections of existing 
naturally formed dunes. 


Volume by survey date (m3/m) 


NATURAL DUNES 1974 1980 1981 


Beach segment 
(MSL to 108 meters) 


91 meters North of Ranger Station Access Road 152.5 137.7 
Pedestrian Traffic - 18.3 meters South IWSY45 5) 132.9 


Pedestrian Traffic - 2.3 kilometers South 143.0 Sea 
Pedestrian Traffic - 2.6 kilometers South 142.0 3655) 


Foredune segment 
(108 meters to 200 meters) 


91 meters North of Ranger Station Access Road 326.1 401.3 
Pedestrian Traffic - 18.3 meters South 408.9 436.7 
Pedestrian Traffic - 2.3 kilometers South 435.7 432.2 
Pedestrian Traffic - 2.6 kilometers South 570.4 569.2 


Total segment 
(MSL to 200 meters) 


91 meters North of Ranger Station Access Road 478.6 539.1 
Pedestrian Traffic - 18.3 meters South HO2o Il 569)..7 


Pedestrian Traffic - 2.3 kilometers South 578.7 563.6 
Pedestrian Traffic - 2.6 kilometers South 712.4 705.6 


37 


with 135 cubic meters per meter. However, the natural foredune had a volume 
of 459 cubic meters compared with only 258 cubic meters in the experimental 
dunes (Table 4). The annual rate of new sand accumulations to the beach and 
foredunes was about 9.3 cubic meters per meter of beach since 1974 on the dune 
near the Ranger Station access road, which is less than the 11.5 cubic meters 
per year being added to the experimental dune areas since 1975. Dune crests 
of natural dunes are no higher, about 7.6 to 8.2 meters MSL, than the 
experimental dunes resulting from grasses planted in 1969 to 1972. However, 
the natural dunes are much wider at the base. Plants becoming established 
naturally do not grow in parallel rows nor are they spaced as closely together 
as when planted by man. Consequently, sand is blown inland from the beach in 
and around pioneer plants, but much of it passes on through, accumulating over 
a broad area and extending 244 to 274 meters landward from MSL. The unplanted 
control area in the experimental dunes now has a sand floor for the newly 
forming dune 2.6 to 3.0 meters above MSL. The way dunes form naturally can be 
approximated from the data accumulated on the unplanted control section. 
Hurricane Allen caused erosion of the sand in front of this section, leaving 
the pioneer vegetation in line with the other naturally formed dunes. A new 
dune line is now distinguishable (Fig. 3) and crests are already 4.0 to 4.6 
meters above MSL. This area is expected to take on a definite dune form 
within the next 2 to 5 years and it should have a relatively broad base. It 
appears that about 25 years (from Hurricane Carla in 1961) is required for an 
effective dune to reform naturally on north Padre Island. This would be true, 
however, only if no major storm occurred during the interim with sufficient 
energy to erode the newly forming foredunes. It is desirable to plan for a 
broad based dune at the outset for any dunes to be constructed from planted 
vegetation. 


6. Coastal Vegetation. 


a. Vegetation on Experimental Foredunes. In the experimental foredune 
plantings, Dahl and Goen (1977) reported sea oats and bitter panicum have 
spread seaward about 1.6 meters per year. Apparently, both species continue 


to spread at about the same rate. 


Invasion of unplanted species into the experimental foredunes continues 
to be extremely slow. Gulf croton increased significantly only on the 
366-meter sea oats dune (Table 8) and, except for occasional plants of beach 
groundcherry and beach morning glory, no other species have occurred even 
after 12 years. 


Although many other species can tolerate salt spray, some protection from 
salt spray allows for better survival. The older planting (landward dune of 
the dune-width extension dune made in 1969 and 1970, Table 1), has invading 
plants of several other species (Table 8). The shelter provided by 
accumulating sand, resulting from the 1973 seaward planting of bitter panicum, 
has allowed establishment in the landward crest of the dune-width extension 
dune of prairie senna, beach evening primrose, beach morning glory, beach 
groundcherry, Corpus Christi fleabane (Hrigeron myrtonactts), and gulf croton. 
Trace amounts of several other species also occur. 


On the unplanted control area, where a natural dune is reforming, pioneer 


plants are primarily beach morning glory and sea oats, with Fimbristylts spp., 
gulf croton, and beach evening primrose being common. An occasional bitter 
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panicum plant occurs. Lack of a seed source probably relegates it to a 
secondary role in this area. Most of the bitter panicum commonly occurring in 
the experimental dune vicinity probably originated from imported planting 
materials, which came from south Padre and Mustang Islands. 


b. Vegetation Behind (Landward) Experimental Foredunes. The most 
obvious difference between the unplanted, natural area landward of the normal 
dune line and that of the same area behind the experimental plantings is the 
vegetation density and cover. Because no well-defined dune existed on the 
unplanted area, Hurricane Allen redistributed much of the sand in the random 
patches of preexisting vegetation and sand from the backshore, spreading it 
landward over the area of the normal dune line. Thus, much of the existing 
vegetation was covered. The ground cover decreased from 28 percent in 1976 to 
17 percent in 1981 (Table 9). 


Because well-developed dunes exist from experimental plantings, Hurricane 
Allen transported sand inland only between dunes and at the breach in the 
335-meter bitter panicum dune. Consequently, a well-developed grassland now 
exists landward of the experimental dunes with 56 percent ground cover, up 
from only 39 percent in 1976 (Table 9). The hurricane-deposited sand occurred 
only locally; therefore, it covered little vegetation. The area landward of 
the experimental dunes is relatively low in elevation and fresh rainwater 
tends to pond there, producing vegetation with a marshy-type component in the 
local low spots. Species, such as gulfdune paspalum, American bulrush (Setrpus 
americanus), Fimbristylis spp., largeleaf pennywort (Hydrocotyle bonartensts) , 
coast brookweed (Samolus ebracteatus), sand rosegentian (Sabatia arenicola), 
and longleaf flaveria (Flaveria oppositifolta) occurred commonly in these 
lower areas (Table 10). 


Sea oats, bitter panicum, and shoredune panicum (Panteum amarulum) 
invaded rapidly on this landward area following the experimental dune 
plantings in the early 1970's. Sea oats populations appear to have 
stabilized, but the Pantcum species have increased substantially since 1976 
(Table 10). Most of the Pantcwn appears to be bitter panicum, but the breakup 
of clumps of the bunch-type bitter panicum made exact identification 
difficult. Most of the plants encountered were judged to be bitter panicum. 
Bermuda grass (Cynodon dactylon) and seashore dropseed were common in local 
areas in 1976 and had changed little overall by 1981. Saltmeadow cordgrass 
was common behind the 336-meter sea oats dune, but was mostly absent 
elsewhere. Red love grass (Eragrostis oxylepis) occurred occasionally in 
1975-76, but was quite common in 1981. Also, purple love grass (Eragrostis 
spectablts) was occasionally encountered. Behind all the experimental dunes 
prairie senna and Corpus Christi fleabane were abundant and had increased 
during 1976 (Table 10). The latter species occupied the less marshy or drier 
sites on the lowlands behind the experimental foredunes. 


c. Vegetation in Front (Seaward) of the Experimental Foredunes. 
Hurricane Allen denuded essentially all the beach (including the backshore) 
back to the foredunes (Fig. 15). However, live shoots were common everywhere 
from perennial grass roots and rhizomes, particularly of sea oats and bitter 
panicum, adjacent to the experimental dunes. In addition, new shoots of 
saltmeadow cordgrass were common on the formerly vegetated beach of the 


"pedestrian only" area north of Malaquite Beach (Fig. 7). These new shoots 
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Figure 15. The bitter panicum dune (366 meters) in August 1980 showing 
a vertical cliff caused by Hurricane Allen. 
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appeared to be accumulating sand and a rapid recovery of both sand and 
vegetation on this section of Padre Island is anticipated. 


In 1961 Hurricane Carla removed the sand to about 1.2 meters MSL on many 
north Padre Island areas and essentially eliminated all the plant roots and 
rhizomes. The 1969 plantings were made at 1.34 meters above MSL, 8 years 
after the hurricane. With current beach elevations near the normal 1.5 to 1.8 
meters above MSL, and with much residual plant material, immediate and 
substantial sand trapping is expected in front of the existing natural and 
experimental dunes. 


d. Midisland Dune Field. Bare dune fields activated, in part, early 
this century by overgrazing and drought migrate westward (landward) across 
Padre Island. The active dunes are so unstable that colonization by plants 
does not occur. However, after the dune migrates past a given point, it 
leaves behind a zone of moist sand about 1.5 to 1.8 meters above MSL, which is 
then rapidly colonized by vegetation (Figs. 16 and 17). 


An area 91 by 46 meters, generally on the north side of the live oak 
motte, was sampled in the summer of 1973 (Dahl, et al., 1975). It was found 
that the most important colonizing species were common bermuda grass, red love 
grass, and species of Cyperus and Juncus. A resampling of this area was made 
in July 1981. To show plant successional trends from bare sand to a more 
mature grassland, samples of the area were made in 76-meter blocks, including 
an area of mostly bare sand immediately adjacent to the migrating sand dunes 
(Table 11). The current data, like that of the 1973 sampling, showed that 
five vegetative species were early colonizers: bermuda grass, red love grass, 
Fimbristylis spp., Cyperus spp-, and needlepod rush (Juncus seirpoides) - 
Vegetation covered only 2 to 3 percent of the sand surface of the 76 meters 
most recently abandoned by the migrating dune field. 


The 76 meters farther east had 25 percent vegetation cover and about 11 
more plant species. Additions to the list of early colonizers were seacoast 
bluestem, spike rush species (Eleocharts spp.), prairie senna, Corpus Christi 
fleabane, beach evening primrose, plains coreopsis (Coreopsis tinctoria) , 
Texas ironweed (Vernonia Texana), Juniperleaf polypremum (Poiypremum 
procumbens), and green carpet weed (Mollugo verttictillata). 


From 152 to 229 meters away from the bare dunes, vegetation cover 
increased to 42 percent, and 25 species were encountered. Between 229 and 305 
meters away from the migrating dunes, the vegetation ground cover increased to 
56 percent with 21 species encountered; nine of them dominated the 
composition. They were: seacoast bluestem, gulfdune paspalum, Paspalum spp., 
(Panteum oltgosanthes) , red love grass, needlepod rush, prairie senna, camphor 
weed (Heterotheca pilosa), and Corpus Christi fleabane. As the vegetation 


community became more mature bermuda grass disappeared from the composition 
(Table 11). 


Depressions holding water for longer periods after rainfall had 
primarily: American bulrush, spikerush, waterhyssop (Bacopa monntert), green 


carpet weed, and frogfruit (Phyla inctsa). 


During the 8 years from the summer of 1973 to 1981, the bare dune field 
had migrated about 213 meters landward (west-northwest). Barring a severe 
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1969 NO 


Figure 16. Stabilization of a midisland bare dune field between 1969 and 
1981. Note the live oak mottes in dune field in 1969. 
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Aerial view of bare dune field Revegetation that occurred by 1974. 
in 1969. 


1981 photos of the same general area. 


Figure 17. Stabilization of a midisland bare dune field between 1969 and 
UAL, 
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Table 11. Importance values’? (IV) for plants occurring on a midisland area, 
recently vacated by a migrating bare dune field. 


Distance from Bare Dune Field (m) 


ORS 6 NO 2. IZ = 22 22) = 3OD 

Cynodon dactylon 5 190 13355 4 
Eragrostts oxylepts 8 376 82 144 
Panteum oltgosanthes 0 1 116 
Paspalum monostachyun 0 0 10 426 
Paspalum spp. 0 2 92 
Sehtzachyrtum scopartun 0) 28 1219 1329 
Cyperus spp. 2 2D, US) 3 
Eleocharts albtda 0 23 641 18 
Eleocharis parvula 0 10 6 59 
Fimbrtstylis spp. 115 0 9 40 
Juncus setrpotdea 1 14 144 265 
Setrpus amertcanus 0 0 16 0) 
Bacopa monntert 0 61 183 8 
Bapttsta leucophaea 0 0 I 36 
Cassta fasciculata 0 118 9 913 
Conyza canadensts 0 0 0) 9 
Coreopsts tinetoria 0 5 1 0 
Ertgeron myrtonactts 0 8 2 30 
Heterotheca ptlosa 0 0 iL 105 
Hydrocotyle bonariensis 0 0 i 0 
Linum alatun 0 2 1 7 
Mollugo verttcellata 0 1 8 

Oenothera drummondit 0) 22 0 

Polpremum procumbens 0 64 6 15 
Phyla ineisa 0) 0 12 

Stsyrinehiun bt forme 0) 0 1 

Vernonta texana 0 20 155) 1 
Vegetation Cover (percent) 3 24 42 56 


1 
IV = product of percent frequency X percent coverage. 
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drought, pioneer plant species are colonizing to such an extent that in a 
relatively few years the large dune field that existed in the 1960's on the 
Laguna Madre side of Padre Island will disappear. This rapid revegetation is 
possible because the north end of Padre Island National Seashore is no longer 
grazed by livestock and recreational use is limited to managed areas. 


V. CONCLUSIONS 


Hurricane Allen's impact on north Padre Island dunes was confined 
primarily to eroding the face of both the natural and experimental dunes 
leaving vertical cliffs. It breached only one experimental dune, the 
335-meter bitter panicum dune. During Hurricane Allen part of the eroded sand 
from the beach was transported farther inland around the ends of existing 
dunes or through breaches in dunes. Also, much of the beach sand was 
transported temporarily into the gulf. Apparently, the sand deposited in the 
gulf was quickly redeposited on the beach, as the cross-sectional surveys 
revealed a near-normal beach elevation 7 months after the storm. 


The hurricane's impact on north Padre Island beaches appeared much less 
severe than previous major hurricanes, such as Hurricane Carla and Hurricane 
Beulah in the 1960's. This conclusion was reached because elevations in 1969 
on the backshore, where the experimental dune plantings were made, were only 
1.4 meters above MSL. Similar locations 7 months after Hurricane Allen had 
elevations of more than 1.5 meters above MSL. 


Sand accumulating on the beach and foredune 199 meters (distance inland) 
continues to accumulate at about 11.5 cubic meters per linear meter of beach, 
which is near the rate reported by Dahl and Goen (1977) for the 1975-76 
monitoring period. Both the natural and experimental dunes continue to widen 
1.8 to 2.4 meters per year. The base widths of all the experimental dunes now 
exceed 30 meters (elevations 2.4 meters above MSL), which may not withstand 
the erosion attributed to Hurricane Carla in 1961 when the natural dunes of 
this width were destroyed. However, these experimental dunes would be more 
than adequate to withstand major hurricanes comparable to Hurricane Allen. 
Naturally formed dunes have basal widths more than 76 meters. Apparently the 
dune-width extension dune, with an initial 15-meter planting in 1969, followed 
in 1973 by another 15-meter planting seaward, can provide an effective barrier 
to hurricane erosion. This dune width is now 50 meters compared with only 30 
to 40 meters for dunes resulting from a single planting. 


Naturally forming dunes, such as the unplanted control area monitored, 
will require a 25-year storm-free interval to provide protection equivalent to 
the double width experimental dune. 


Invasion of unplanted species into the experimental foredunes continues 
to be extremely slow due to the rapid sand accretion and plant vulnerability 
to salt spray. For example, the back (landward) dune of the dune-width 
extension planting (Table 9) had 10 species compared with essentially the 
planted species on the front (seaward) dune. The ground cover was much 
greater when protected from salt spray (80 percent versus 34 percent on the 
back and front dunes, respectively). This is further evident by noting the 
well-developed grassland landward of the foredunes. The ground cover averages 
56 percent behind the experimental foredunes with 18 species commonly 
occurring. The unplanted control area did not have the protection of a 
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well-developed foredune ridge, nor did it have the depression landward of the 
dune providing the mesic habitat favorable to the species more commonly found 
behind the dunes resulting from grass plantings. Only nine species were 
common and ground cover averaged only 17 percent. Because the foredune ridge 
was not well formed, the sand deposition was greater in this area and also 
covered much of the prehurricane vegetation. 


A midisland bare dune field migrating toward Laguna Madre continues to 
move at about 27 meters annually. Although plant succession on beach 
foredunes occurs slowly, rapid plant succession is taking place here. Early 
colonizers are bermuda grass, red love grass, and species of Juncus and 
Cyperus. Species more indicative of a mature grassland, such as seacoast 
bluestem, soon follow. Apparently, this rapid successional advance is 
possible due to lack of cattle grazing, minimal recreational disturbance, 
reestablishment of beach foredunes, and the absence of salt spray. At the 
current rate of revegetation, this bare dune field should entirely disappear 
within a relatively few years. 
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APPENDIX A 


DETAILED DIAGRAM OF NORTH PADRE ISLAND STUDY PLOTS 


Because the cross-section locations are the same as the surveys made from 
1975 to 1977, the same plot diagram is included as Appendix A as given in 
Miscellaneous Report No. 77-8 (Dahl and Goen, 1977). 


Beach profiles are measured from 0 MSL to the East Base Line and the 
indicated number on each profile is the total distance to the East Base Line. 
The dashline shows the 30 meters seaward of the grass extension for each 
profile at the time of the 1976 survey. The solid line shows the length of 
the 1976 measured cross section across the unplanted area, the 366-meter sea 
oats dune, and the 366-meter bitter panicum dune. For the dune-width extension 
and the 335-meter bitter panicum dune, the solid line shows the 1976 distance 
to the back of the dune only. 
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APPENDIX B 
VEGETATION FREQUENCY AND COVER ALONG FIVE TRANSECTS IN THE STUDY DUNES AND 


NEAR REMNANT LIVE OAK MOTTE NORTHWEST OF PADRE ISLAND RANGER STATION. 
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Table B-l. Percent 


Gramineae 
Cynodon dactylon 
Eragrostis oxyvlepis 
Eragrostis spectabilis 
Panicum amarum 
Panicum amarulum 
Paspalum monostachyum 
Spartina patens 
Sporobolus virginicus 
Uniola paniculata 

Cyperaceae 
Cyperus esculentus 
Eleocharis alida 
Eleocharis caribaea 
Eleocharis parvula 
Eleocharis spp. 


Fimbristylis caroliniana 


Fimbristylis castanea 

Scirpus americanus 
Leguminosae 

Baptisia leucophaea 

Cassia fasciculata 
Euphorbiaceae 

Croton capitatus 

Croton punctatus 

Euphorbia ammanioides 
Onagraceae 

Oenothera drummondii 
Umbelliferae 

Hydrocotyle bonariensis 
Primulaceae 

Samolus ebracteatus 
Gentianaceae 

Eustoma exaltatum 

Sabatia arenicola 
Convolvulaceae 

Ipomoea pes-caprae 

Ipomoea stolonifera 
Solanaceae 

Physalis viscosa 
Scrophulariaceae 

Bacopa monnieri 
Compositae 

Erigeron myrionactis 

Senecio riddellii 

Flaveria oppositifolia 
Verbenaceae 

Phyla incisa 
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Table B-2. Percent cover for foreslope of foredune. 


Unplanted 366-meter Dune 335-meter 366-meter 
Control Sea Oats Width Bitter Panicum Bitter Panicum 
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Table B-3. 


Gramineae 

Cynodon dactylon 

Eragrostis oxylepis 

Eragrostis spectabilis 

Panicum amarum 

Panicum amarulum 

Paspalum monostachyum 

Spartina patens 

Sporobolus virginicus 

Uniola paniculata 
Cyperaceae 

Cyperus esculentus 

Eleocharis alida 

Eleocharis caribaea 

Eleocharis parvula 

Eleocharis spp. 

Fimbristylis caroliniana 

Fimbristylis castanea 

Scirpus americanus 
Leguminosae 

Baptisia leucophaea 

Cassia fasciculata 
Euphorbiaceae 

Croton capitatus 

Croton punctatus 

Euphorbia ammanioides 
Onagraceae 

Oenothera drummondii 
Umbelliferae 

Hydrocotyle bonariensis 
Primulaceae 

Samolus ebracteatus 
Gentianaceae 

Eustoma exaltatum 

Sabatia arenicola 
Convolvulaceae 

Ipomoea pes-caprae 

Ipomoea stolonifera 
Solanaceae 

Physalis viscosa 
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Verbenaceae 
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Percent frequency for backslope of foredune. 
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Table B-4. 


Gramineae 


Cynodon dactylon 


Unplanted 366-meter 
Control Sea Oats 
75 76 81| 75 Ek 


Eragrostis oxylepis 


Eragrostis spectabilis 


Panicum amarum 
Panicum amarulum 


Paspalum monostachyum 


Spartina patens 
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Sporobolus virginicus 

Uniola paniculata 
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Eleocharis spp. 
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Onagraceae 

Oenothera drummondii 
Umbelliferae 
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Convolvulaceae 
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Solanaceae 

Physalis viscosa 
Scrophulariaceae 

Bacopa monnieri 
Compositae 

Erigeron myrionactis 

Senecio riddellii 

Flaveria oppositifolia 
Verbenaceae 
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Percent cover for backslope of foredune. 
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Table B-5. Percent frequency for the back crest of the dune width extension dune. 


Unplanted 366-meter Dune 335-meter 366-meter 
Control Sea Oats Width Bitter Panicum Bitter Panicum 


75 76 81} 75 76 81} 75 76 81 | 75 76 pI 7/S) 76 81 


Gramineae 
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Table B-6. Percent cover for the back crest of the dune width extension dune. 


Unplanted 366-meter Dune 335-meter 366-meter 
Control Sea Oats Width Bitter Panicum Bitter Panicum 
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Table B-7. 


Percent frequency for area 7.6 meters bayward of foredune. 


Unplanted Dune 


366-meter 335-meter 366-meter 
Control Sea Oats Width Bitter Panicum Bitter Panicum 
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Table B-8. Percent cover for area 7.6-meters bayward of foredune. 


Unplanted 366-meter Dune 335-meter 366-meter 
Control Sea Oats Width Bitter Panicum Bitter Panicur 
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Table B-9. 


Gramineae 


Cynodon dactylon 

Eragrostis oxylepis 

Eragrostis spectabilis 

Panicum amarum 

Panicum amarulum 

Paspalum monostachyum 

Spartina patens 

Sporobolus virginicus 

Uniola paniculata 
Cyperaceae 

Cyperus esculentus 

Eleocharis alida 

Eleocharis caribaea 

Eleocharis parvula 

Eleocharis spp. 

Fimbristylis caroliniana 

Fimbristylis castanea 

Scirpus americanus 
Leguminosae 

Baptisia leucophaea 

Cassia fasciculata 
Euphorbiaceae 

Croton capitatus 

Croton punctatus 

Euphorbia ammanioides 
Onagraceae 

Oenothera drummondii 
Umbelliferae 

Hydrocotyle bonariensis 
Primulaceae 

Samolus ebracteatus- 
Gentianaceae 

Eustoma exaltatum 

Sabatia arenicola 
Convolvulaceae 

Ipomoea pes-caprae 

Ipomoea stolonifera 
Solanaceae 

Physalis viscosa 
Scrophulariaceae 

Bacopa monnieri 
Compositae 

Erigeron myrionactis 

Senecio riddellii 

Flaveria oppositifolia 
Verbenaceae 

Phyla incisa 


Percent frequency for area 38.l-meters bayward of foredune. 
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Table B-10. Percent cover for area 38.l-meters bayward of foredune. 


Unplanted 366-meter Dune 335-meter 366-meter 
Control Sea Oats Width Bitter Panicum Bitter Panicum 
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Table B-11. 


Gramineae 
Cynodon dactylon 
Eragrostis oxylepis 
Eragrostis spectabilis 
Panicum amarum 
Panicum amarulum 
Paspalum monostachyum 
Spartina patens 
Sporobolus virginicus 
Uniola paniculata 
Cyperaceae 
Cyperus esculentus 
Eleocharis alida 
Eleocharis caribaea 
Eleocharis parvula 
Eleocharis spp. 
Fimbristylis caroliniana 
Fimbristylis castanea 
Scirpus americanus 
Leguminosae 
x Baptisia leucophaea 
Cassia fasciculata 
Euvhorbiaceae 
Croton capitatus 
Croton punctatus 
Euphorbia ammanioides 
Onzgraceae 
Oenothera drummondii 
Umbelliferae 
Hydrocotyle bonariensis 
Primulaceae 
Samolus ebracteatus 
Gentianaceae 
Eustoma exaltatum 
Sabatia arenicola 
Convolvulaceae 
Ipomoea pes-caprae 
Ipomoea stolonifera 
Solanaceae 
Physalis viscosa 
Scrophulariaceae 
Bacopa monnieri 
Compositae 
Erigeron myrionactis 
Senecio riddellii 
Flaveria oppositifolia 
Verbenaceae 
Phyla incisa 


Percent frequency for area 68.6-meters bayward of foredune. 
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Table B-12. 


Gramineae 

Cynodon dactylon 
Eragrostis oxylepis 
Eragrostis spectabilis 
Panicum amarum 

Panicum amarulum 
Paspalum monostachyum 
Spartina patens 


Spcerobolus virginicus 


Uniola paniculata 
Cyperaceae 


Cyperus esculentus 
Eleocharis alida 


Eleocharis caribaea 
Eleocharis parvula 
Eleocharis spp. 


Fimbristylis caroliniana 


Fimbristylis castanea 
Scirpus americanus 


Leguminosae 
Baptisia leucophaea 


Cassia fasciculata 
Euphorbiaceae 

Croton capitatus 

Croton punctatus 

Euphorbia ammanioides 
Onagraceae 

Oenothera drummondii 
Umbelliferae 

Hydrocotyle bonariensis 
Primulaceae 

Samolus ebracteatus 
Gentianaceae 

Eustoma exaltatum 

Sabatia arenicola 
Convolvulaceae 

Ipomoea pes-—caprae 

Ipomoea stolonifera 


Solanaceae 


Physalis viscosa 
Scrophulariaceae 

Bacopa monnieri 
Compositae 

Erigeron myrionactis 

Senecio riddellii 

Flaveria oppositifolia 
Verbenaceae 

Phyla incisa 


Percent cover for area 68.6 meters bayward of foredune. 
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Table B-13. Vegetation frequency and cover (percent) near remnant 
live oak motte northwest of Padre Island Ranger Station. 


. Frequency Cover 
North of South of North of South of 
oak motte oak motte oak motte oak motte 
Graminea 
Paspalum monostachyum U7 DS) 3 3 
Cynodon dactylon 46 29 1 1 
Eragrostis oxylepsis 49 31 Z 8} 
Schizachyrium scoparium 
var littoralis 54 54 T 9 
Chloris spp. 14 17 at T 
Panicum spp. 14 20 Tt T 
Cyperacea 
Eleocharis parvula 9 17 a 1 
Elocharis alida 20 23 1 4 
Cyprus esculentus 34 213} 1 1 
Fimbristylis castanea 26 Lat 2 ae 
Fimbristylis caroliniana 6 Ht 
Scirpus americanus 9 I 
Juncaceae 
Juncus scirpoides Syl 26 T 1 
Leguiminosae 
Baptisia leucophaea 3 6 Th at 
Cassia fasiculata 2S) Zi] T 5 
Onagraceae 
Oenothera drummondii 6 T 
Umbelliferae 
Hydrocotyle bonariensis 3 ae 
Scrophulariaceae 
Bacopa monnieri 34 2 
Loganiaceae 
Polypremum procumbems 23 31 T a 
Compositae 
Erigeron myrionactis 6 20 T a 
Vernonia texana 20 20 T it 
Coreopsis tinctoria 6 9 T T 
Heterotheca pilosa 23 IL7/ T ab 
Conyza canadensis 3 T 
Verbenaceae 
Phyla incisa 9 Hs 
Iridaceae 
Sisyrinchium biforme 3 T 
Linaceae 
Linum alatum 3 20 at a 
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Table B-13. Vegetation frequency and cover (percent) near remnant live oak 
motte northwest of Padre Island Ranger Station. 


Frequency Cover 
North of South of North of South of 
oak motte oak motte oak motte oak motte 
Gramineae 
Paspalum monostachyum 17 23 3 3 
Cynodon dactylon 46 29 1 1 
Eragrostis oxylepis 49 31 2 3 
Schizachyrium scoparium 
var littoralis 54 54 T 9 
Chloris spp. 14 C7 T T 
Panicum spp. 14 20 T T 
Cyperaceae 
Eleocharis parvula 9 17 T 1 
Elocharis albida 20 23 1 4 
Cyperus esculentus 34 23 1 1 
Fimbristylis castanea 26 ll 2 ae 
Fimbristylis caroliniana 6 T 
Scirpus americanus 9 us 
Juncaceae 
Juncus scirpoides 51 26 T 1 
Leguiminosae 
Baptisia leucophaea 3 6 T T 
Cassia fasciculata 23 27 T 5) 
Onagraceae 
Oenothera drummondii 6 z 
Umbelliferae 
Hydrocotyle bonariensis 3 T 
Scrophulariaceae 
Bacopa monnieri 34 T 
Loganiaceae 9 
Polypremum procumbens 23 31 T T 
Compositae 
Erigeron myrionactis 6 20 T u 
Vernonia texana 20 20 T 1 
Coreopsis tinctoria 6 9 T T 
Heterotheca pilosa 2B 7 T T 
Conyza canadensis 3 T 
Verbenaceae 
Phyla incisa 9 T 
Iridaceae 
Sisyrinchium biforme 3 a 
Linaceae 
Linum alatum 3 20 T T 
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